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Risk Grading for Damage of the Defoliator Orthosia songi
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Abstract:  [Objective ] This study was to establish an early warning technology for forecasting outbreaks of defoliator
insects Orthosia songi Chen et Zhang based on a recommended standard “Grading Methods of Natural Disaster Risk ”
issued by Civil Affairs of China. The main aim was to provide relevant information for risk grading and establish a warning

technology of outbreak for forest and agriculture defoliator insects. [Method 1 This study used O. songi — host tree
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Eucommia ulmoides system as a model located at Linbao City, Henan Province, China. Leaf area loss rate (% ) and fruit
dropped rate (%) were measured under different larval densities (larvae per hundred leaves) . Probability index (P) of
0. songi population occurrence was determined using the expected larval densities. Quantitative indexes of loss (C)
caused by 0. songi occurrence were used in basis of the expected scope of leaf area loss rate, fruit dropped rate, outbreak
area rate and expected increasing management cost rate. A risk classification matrix of 0. songi occurrence risk was set up
based on the normalized risk probability index (P) and loss index (C). Meanwhile, the expected leaf area loss scope,
fruit dropped loss scope and occurrence area was predicted using the observed egg and larval densities in permanent plots
in Eucommia plantations. These data were used to forecast the risk grade. Feasibility and maneuverability of risk grading
system were then evaluated through actual leaf area loss rate and fruit dropped rate during late development stage of the
same generation. [Result] Leaf area loss rate and fruit dropped rate differed statistically significant among different larval
densities. A larval density at 16 larvae per hundred leaves led to more than 60% of leaf area loss. Every single larva
caused 2. 8% of average leaf loss. The 17% or more of fruits premature drop when larval density was 24 larvae per
hundred leaves or above. Every larva caused average 0. 8% of fruit premature drop. Based on survey of egg density and
larval density in May 2015, we predicted that larval density ranged 11 to 35 larvae per hundred leaves with a probability
index P of 2, and the expected occurrence area rate of 75% at a loss index C of 2. The expected scope of leaf area loss
rate at C =2 ranged from 16% to 49% , and the expected fruit drop rate at C =3 varied from 6% to 10% . The expected
increase in management cost was O with a loss index C =4. Therefore the smallest value should be selected as loss index C
when C had a different value in the risk classification matrix. Risk score R should be calculated as P x C, or2 x2 =4 in
the corresponding risk classification matrix. A high risk of orange alert was predicted and did not rule out extremely high
risk in some plantations. The actual average leaf area loss rate and fruit dropped rate caused by O. songi surveyed in July
2015 were 17.2% and 9.4% , respectively, among which plantations accounted for 17% of the total area suffered
extremely high damage. The results fitted well the prediction, indicating that the risk grading method is feasible.
[Conclusion] Risk score R of 0. songi disaster was divided into four grades and was given four different colors for
different R values, or four different levels of risk of 0. songi occurrence. Red color represent extremely-high risk with R
value ranging 1 —2; orange color, high risk with R from 3 - 4; yellow means medium risk with R from 6 to 9; green
represents low risk, R ranging 12 —16. The risk grading method in this study was well suited for short-term predictions,
i. e. prediction of risk caused by one generation. Refining the indices for long-term prediction will be a focus of future
studies.
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Fig. 1 0. songi adult population monitoring

in Yantuo base in 2013 and in 2014
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Tab. 1 Leaf area loss rate and fruit drop rate among different larval densities

) . " =N GRS S . - e
i o 1 o B K R R HE B R R
. [EAE NS : :
Larval density larvae Leaf area loss M leaf 1 ) J Fruit dropped Mean fruit dropped rate
per hundred leaves rate (%) can feal [0ss rale cause rate (%) caused by per larvae (%)
by per larvae (% ) :

4.4£3.5b 2.2 3.3+£2.3b 1.6

9.1+3.5b 2.3 2.9+1.4b 0.7

8 22.8+10.9 b 2.8 4.6+2.3b 0.6

16 62.8 £27.3 a 3.9 5.7£2.0b 0.4

24 72.0£26.5 a 3.0 17.0£11.9 a 0.7

32 76.6 £23.1 a 2.4 19.2+7.1 a 0.6

0 0c 0 1.9+3.0b —

7] 5 = BEA [R) 5 %78 22 52 R 2 o Column with the same letter mean significant difference.
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Tab. 2 Index value classification of the possibility of O. songi damag

A REE AR GO E P LA A & I AR T e %
Possibility grade score P Risk possibility of 0. songi Note
! e e TR > 35 3k d R AR
Extremely-high > 35 larvae per hundred leaves which could cause extremely-high damage
5 fri A 1L ~35 Sk 3 A R K
High 11 ~35 larvae per hundred leaves which could cause high damage
3 h B3 ~10 Sk, AR ER DS
Medium 3 - 10 larvae per hundred leaves which could cause medium damage
4 i TT AU <2 Sk X AL AP AR SE W A LTS K AR 45 2R
Low < 2 larvae per hundred leaves which could cause no damage

O AR T 24 4F K Ah 5 JE ROk A BE R — AR 4 HUiy 77 i HL 1 %8 5 3% 7R Risk possibility of O. songi was represented by some one generation larval

density, i. e. larvae per hundred leaves.
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Tab. 3 Index value classification of seed loss caused by O. songi damage

i W8 #5 Index of B es
Bk J5 485 Index of consequences

poh IR R
7 Consequences i R 4 2 2 HRE AR TR R TR L R A B B A L 2R
Loss grat‘le grade Leaf are: 1/\”\ ate (%) Fruit dropped Ratio of occourrence Ratio of increased
score C cat area foss rate 17 rate (% ) area to total area (% ) cost (%)
1 B >50 >30 >80 >50
Extremely-high
2 o 16 ~ 4 11 ~2 41 ~7 11 ~4
High 6 ~49 9 9 9
I:FI
-1 ~1 21 ~4 1
3 Medium 6 ~15 6~10 0 <10
4 f& <5 <5 <20 0
Low

@2 — UL A0 2 8 Bk fis 5 5 SR 4 A B b2 A I A (S LA 4 C A IR0Z 4 AR RIS bR 20 b W B /b 3 R BUE 4% DY
I 3% . Whenever the four values of loss grade score were different from one another, only the smallest score should be used. Other numerical values inside
the table should be rounded to integer. M- JH F1 45 2K 3R ¥ K 5 de & H 4 S B0 TR A4 2K o Leaf area loss rate referr to leaf area loss directly eaten
by larvae. ¥4 $ 3§ A 55 dU I B3 S 800 R 9 ¢ o Fruit dropped rate referr to fruit dropped prematurely caused by larval feeding. & A= 1H F LL %
i 92 B & A2 T ARy ST AR LE R Occurrence area rate referr to ratio of occurrence area to total area. B FEAS 415 5 0 B0 BRAH LY, 76 35 B K & AL IF
1800 B A5 B RS, 0 HE S BB VR B N i N 1) ) A ZE . Management cost referr to the increment of management cost under the circumstances of pest

population outbreak including pest control cost and extra labor and material cost, compared to routine management cost without pest outbreak.

MR AR 9 KU 73 B AL A A JE Bk BUUR SR C (K23 i, S 7 AL Ah 28 e AU fE T KU
PEWREVESE LA P AL B R R e F R RS AR R 4 PR
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Tab. 4 Risk classification matrix of O. songi damage

Ja REEHIMME C

Consequence grade score C

TR

oy P o o
Possibility B ) = EP i
grade score P Extremely-high High Medium  Low
1 2 3 4
b 1 2 3 4
Extremely-high
e
High 2 2 4 6 8
|_|_|
3 3 6 12
Medium ?
fie 4 4 8 12 16
Low

D R=PxCo REIIN & A5 YL, 5 085 JE 00 2 K
4 NG W R R 1 =25 AR R b3 ~45 KRR b
6~9; MK, R X 12 ~16, Risk grade score R was divided into four
grades or four different levels of risk consequence of 0. songi occurrence.
Extremely-high risk with R value from 1 to 2; High risk, 3 -4; Medium
risk 6 —=9; Low risk, 12 - 16.
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35 kM, P=2(3k5) . fEixH % TN G E R
i S LR TR R AR AR ST R 76% 5 C =25
TR - T AR Sk R Y 21% ~49% , C =2; Fil 7%
BEJEHE 6% ~10% ,C =3(F5) . EEFR 2 i,
JUT-8AT N A T4 Rk, & B A % R 0, C =
4o AL JE K SE F S R 4 AR A
A fF 0 AL B, 3L C 1 2 fHECZ 4 AN G R 3R bs o fH
) e /NS B C =2, 56 B IR KU 43 2 6 B o R 4
WA R=PxC=2x2=4,)8 &K, Kk, kAW
AR 2 AL AT A JE Rk e AR KU I R e T, HL
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A AR R AR T SR 5 96 BT 9T sk
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& AT B e A E B e B 2 ) ) e
CRE 7K 1989 B 7K A 4%, 2003) < Stern 4% (1959)
K 2 VR B & O B dUR % B, O R R
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B AH R RIE 5T A S 3 M 22 F B AR OB 8 3G “F R
B B, I8 B R R IS N SR MRS R e, A,
ok 5] A5 T X — 5 i T 2 I ERUR .

LT BRI B — A OB o) (L A T R A
HESN AR TN o B IRAP S A I i W E R M — 2
SO0 TRE 300 1 2 s SR R 2 A R R A 3R
(population cycles) » Bt ¥ 1f) ) 25 1 B4 50 A A7 %
i P (Bjgrnstad et al., 2001) o F T 5| & X Ff ff BE
A B W R AL 2 2 0] 40 10 B AR R 35 iy HL A
A BRI RN A B IR 7K1 B AH ELAE g A% 24
R BT E SR B 3 I R AT A Y 3 R
(Berryman, 1996; Hunter et al., 1997; Hanski et
al., 2001) o 2 MOk FARE FRKF (25 R A/
BB RO (U A 5 VR 5 45D 10 B S B A A7 A
ISP ] 318 280 2 ) 3 ol A7 e A5 e 9% 3 B 300 1 B b
BEW Eh (Haukioja, 1991 ; Berryman, 1996) . E& &
G L 5% i e AR B A T A 52 2% A A 45 000 8 e T A=
ARG B S WA FE T (Walther et al., 2002; Ims
et al., 2005) , JUHZ T B HORb A B9 22 K (Volney et
al., 2000; Bale et al., 2002) . 4B SRt & 4 5 &
B TS 5 592 B i A 00 R LA 2 IS I 4 5 MG 2 5
R L A8 L P R SREAS B s AR R R A .
—J7 T, 1E 0 % K k25 (2003) BTN N B 48 5% 0 E
S E NP S R LTRSS RS 7 u
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Tab. 5 Possibility grade score (P) and consequence index value (C) based on densities of eggs,

larva and expected occurrence area

B Ty KRR g g
Eg Larval BRE /i [ BOE R RO
BBE o 5 5k % it i [
FE o . " o J— . Actual Expef:ted Expected Expected
BT ORE FINERE M RO%E AT R RE scope of larval
Plot Fee ner Ratio of Larvae per Ratio of occurrence densit scope of scope of
h::dlr]eld trees with hundlrepdl trees with area weight/ in“ly 1 leaf area fruit dropped
e >d es ver hundrec
leaves eggs (%) leaves larva (% ) Total area [ leaves loss rate (% ) rate (% )
<' ) weight e
1 0.4 60 10 100 517 11 ~35 6~15 6~10
2 0.7 40 8 40 2/5 11 ~35 6 ~15 6 ~10
3 0.2 20 7 40 61/8 3~10 6~15 6~10
4 0.3 60 17 80 719 11 ~35 16 ~49 6~10
5 0.4 40 17 60 617 11 ~35 6~15 6~10
6 0.3 60 10 60 10/12 11 ~35 6 ~15 6~10
7 0.9 60 23 80 9/13 >35 16 ~49 11 ~29
8 0.2 40 12 100 718 3~10 6~15 6~10
9 1.6 100 34 100 15/17 >35 >50 11 ~29
10 0.2 60 30 80 9/14 3~10 16 ~49 6~10
4 RF i T BB T
T Me: ralue
T Mean value -, o 60 21 80 76/100 11 ~35 16 ~ 49 6~10
according to plot
area weight
Al RE kSR R P
Possibility grade 2
score P
JRRFEYIME C
Consequence grade 2 2 3
score C

R6 HMATRERREREMNTHMRS LR AR LR

Tab. 6 Comparison of the expected and actual leaf and seed loss caused by O. songi damage

T I LN B~ 2yt

i b e 35k A L K DU L Kl
Plot Expected scope larvae Expected scope of Actual mean leaf F,xpe(:led scope of Actual fruit dropped
per hundred leaves  leaf area loss rate (% ) area loss rate (%) fruit dropped rate (%) rate (%)
1 11 ~35 6 ~15 11.5 6 ~10 6
2 11 ~35 6~15 6.3 6~10 7
3 3~10 6~15 6.7 6~10 6.8
4 11 ~35 16 ~49 19.8 6~10 0
5 11 ~35 6 ~15 7.1 6 ~10 5
6 11 ~35 6~15 13.4 6~10 6
7 >35 16 ~49 10. 8 11 ~29 11.3
8 3~10 6 ~15 11 6~10 0
9 >35 >50 64.1 11 ~29 23.4
10 3~10 16 ~49 20.9 6~10 0
S A R 5 T AR
Comparison between 11 ~35 16 ~49 17.2 6~10 9.4

actual loss consequences

and expected one

By B A RS 5 TR S R . AR FRREE R 2 (RS 7K R 2%, 2003) o )00, 7 2% % 3 45
Yo, BFBMEE N2 E- A BEN R T LAY B, [\ & 2 KR (Calliptamus italicus) » 75 357 98 2 A
ZHC FCER R E T B8 TG VR R, SE B e i g e A M X (Artemisia spp.) + & 0 (Carex
T LA TR B ) 5 v B 28 37 i 1 22 7 4 3 A ) liparocarpos) + -2 (Festuca valesiaca) %5 ¥ 1, It A1l
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PN SR A« AR AT A B AOOE T I XU 7 2 85

0 5 A A 0 o I 36 LA 2205 8. 6
(X%, 2011) o [t 76 75 K K390 06 BF 52 30 7 o
FUBFIE T B AR 85 4 BT I VA I 0
6 FE 3 ) 400 04 0 2 5 B (9 012 00548
AR L

UL LE 148 K T30 5 T 40 42 30
B O 9528 AT 50 4 AU R G 2 B i
FE 5 5 BUE) 535K 4 SO AT 5 (A T 5% 25
PRI 5k B A R AR I8 T A B
HEAT G0 S RE AT L £ 0 50 10 26 R R
I I 5 SR 2 25 25 160 93 5 7 B 2 DL 1K
TR R R SR B R AR R 4 80 4 7
LA 9K 07 R 5 2 i e o 59 9 T £ 1 (AR
=L, 2010) .

PR R 7 S R I VR £ U K
K 3T S IR U T R R AR K R
TR e ) % (FHRS 25, 2003) o A7 2% #1451, 7%
Mt 9 U 6 0 19 57 8 9P 0 7T
A 50 AR 2 5 D U 9
AR 11y — 9 96 A R A I 9 B 8
/b 1) g /I WA DR U 95 i 0 8 % 9 T L
AR A P T bR CE FAR4E, 2005) o J £ IT4
(2012) 358 24 7 bk Ml A7 55 2 0 9045 5 4 0 W 5
G HUAT 4 1 3 P R 2 TR L T R 3 0 A
2 Y 41 5k 25 K B AE B R W S 5 G I LRI 2 O 4
TR SS VIS E WAL AN PTG
Yoo LT 55 5) B 2 (I 4, % 6 T8 15
5 MG IV G 0 TR £ ) LR ) 2
Dy AR U 4 07 ) AT R A

5 M A LA RS D002 » 24 72 M 0
PR ST AL PS5 42 2 L DR 4
JE 7 R B AR S 0 S5 R KR WA T 2
SE AR IR i o DAL, 7 O A 87 SR N L
4 1 R A2 BLE R 58 S 0 A K R
A HE A2 i 87 5 10 61 B8 2k 4 A SR bR P )
I 521 T RSURIEE 7 65 B0 A2 3 41 75 95 2 1 1 )
SEDR 2. BO l H S
U £ (L FE 5 DR SR 28 JE B0 — 2 o R 2
1A R L85 8 B £ 33 4 A2 i T
FE Al 3088 5 1y B A T2 0 i 8 LR 19 53
GUIRAE T AR -

4 i

4 CH AR KH RS 20 9 58 D » AR SO ki M
AR R TOUES 1R T 00 D) A AR A S D) X

FE A A J6 0K fi T 1) XU SR AT 3 ki) o R L T K
W o SRR B o KBS S5 90 o H R R or b 4 A %
FAK, R 1 ~2 (Al 4 R 7R) W K, R N
3 ~4 (] R KRR K, R 40 {H k6 ~9 (W] H
HA RN AR, R 0 H K 12 ~ 16 (7] ] 4 (1 3%
TR) o FESEPRIEH b, ARG 907 VEE E T T,
U ek R AN AR I A S TR I T AR A b
b BT AR 3R DX I T A T AR G R 43 IR AT 4 X
ko N5 HE, 2015 4E 5 AR sz B HE
R 1 T A A T AR < Y300 ok T R 2K R L TR
L 330 B 11 55 23 Pl A K 40 R A 5 7 H I si2 ) 4
S0 R R 43 G S R T AR . PR
AR AT 5 7E $8 bk 38 B 52 s 5 4 RS 7 T2
SRAFAE G, T M — 2D 58 6 2 F — 2P & AUT R
(I P 2%, B s MO A0 B0 R ST A, (B R
HH T R0 4 5 % 1 B ) 1 R (R I B % T 3 A
— Bk, A 2 R85 3E R K 3 1 T

Z % X W
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